ABSTRACT
introduction
Internal fixation using 3 parallel cancellous screws is considered the optimal treatment for undisplaced femoral neck fractures. [1] [2] [3] [4] In elderly patients with osteoporotic bone, hip hemiarthroplasty is often suggested, although some still suggest internal fixation in order to retain some function of the native hip, 1,2,5-8 despite a higher rate of re-operation. Complications of varus collapse, screw cutout, and the rate of revision can be minimised with good choice of implant, fixation technique, adequate reduction, and stable fixation. [9] [10] [11] [12] [13] [14] [15] [16] Cannulated screws enable temporary stability through the guidewires, and can be applied through a minimally invasive approach and achieve more accurate, reproducible fixation. 3 To accommodate the guidewire, the core diameter of the screw is often wider than that of non-cannulated screws. This reduces the surface area of the screw threads and hence the screw purchase on the bone. 17, 18 Nonetheless, the pullout strength of cannulated and non-cannulated screws has not been shown to differ significantly. 17, 19 This study compared the compressive strength of cannulated versus non-cannulated cancellous screws for undisplaced femoral neck fractures in synthetic bones.
Materials and Methods
18 right-side polyurethane proximal femurs (Synbone model no. 2022; Malans, Switzerland) simulating an AO B1 valgus impacted femoral neck fracture in osteoporotic bone were used. The osteoporotic models have a thinner outer cortical shell, with intramedullary open cell foam. The angle between the femoral neck and shaft was 135º, and the fracture angles were between 55º and 63º (Pauwels grade 2). Fixation was made using 6.5-mm non-cannulated screws (n=6), 6.5-mm cannulated screws (n=6), or 7.3-mm cannulated screws (n=6); the mean fracture angles of the 3 groups did not differ significantly. The dimensions and ratio of outer-to-inner diameter for the screws are outlined ( Table 1 ). The cannulated screws have a self-drilling and self-tapping tip, whereas the non-cannulated screws have a higher ratio of outer diameter to core diameter (Fig. 1) .
A custom-built jig was designed to guide the insertion of the screws in an identical manner (Fig.  2) . Parallel holes for 3 screws were drilled to form a triangular configuration with a single screw placed inferiorly. 20 The insertion holes were pre-drilled using a 3.2-mm drill bit for the 6.5-mm non-cannulated screws and a 5-mm cannulated drill bit (which was not advanced into the femoral head to maximise bone purchase) through a 2.8-mm threaded guidewire for the 6.5-and 7.3-mm cannulated screws. In all 3 groups, 16-mm short-thread stainless steel screws of 90-and 95-mm long were used for the superior and inferior holes, respectively. Screws were tightened by a single operator using a torque-measuring screwdriver (range, 0-50 N/cm); the mean of 3 torque measurements was recorded for each specimen. The end-point was at which no further torque could be generated despite additional turning. Radiographs confirmed identical screw placement for the 3 groups (Fig. 3) . The models were clamped onto a 6º-angled stand to replicate the femur orientation during the stance phase of gait (Fig. 4) . 21 The femoral head was subjected to progressive axial loading at 5 mm/min using a material testing machine. The load to failure and displacement were recorded.
Each group was compared with one another using the Student's t test for the load to failure, Pauwels angle, and tightening torque. A p value of <0.05 was considered statistically significant.
results
The 3 groups did not differ significantly except that the load to failure was higher in the construct with 6.5-mm non-cannulated screws than that with 6.5-mm cannulated screws (1222 N vs 1008 N, p=0.003, Table 2 ).
discussion
Internal fixation preserves the blood supply to the femoral head, but is at risk of fixation failure. [1] [2] [3] [4] [5] [6] [7] [8] Stable fixation is associated with screw configuration, 20, [22] [23] [24] quality of the reduction, [25] [26] [27] the configuration of the fracture, 15, 28 posterior comminution of the femoral neck, 29, 30 bone density, 31, 32 and the biomechanical strength of the fixation. 15 Only the quality of reduction and strength of fixation are potentially under the control of the surgeon.
Screw configuration affects the strength of fixation. 20, [22] [23] [24] The screws should be placed as wide apart as feasible to obtain a more biomechanically stable construct. A triangular configuration is advocated, with the 3 screws abutted against the inferior, anterior, and posterior cortices. 23 This is superior to a similar configuration where the screws were placed closer together in the centre of the femoral neck. 23 In our study, the triangular configuration was used, but the screws were not necessarily placed as widely as the preferred clinical situation. Nonetheless, the purpose of this study was to evaluate differences between screw types rather than screw positions.
The compression at the fracture surface may have a greater influence on the strength of the fixation. 26 The initial compression generated during insertion of cancellous screws increases with greater screw purchase, which is a function of the screw and the quality of the bone. 32 In addition to the static compression achieved by the screws at the time of insertion, the joint reaction forces on the hip and the effect of ambulation also provide a dynamic compression across the fracture. The relative contribution of each of these forces has not been determined. Nonetheless, improved purchase of the screws within the femoral head is desirable. The purchase of a screw is associated with the ratio of outer diameter to core diameter, pitch, and the material into which it is inserted. 33 Cancellous screws are designed to obtain maximal purchase within trabecular bone by means of a wider pitch and a larger thread surface area. 18 These screws are usually not self-drilling in order to compress rather than cut bone. In this study, the compressive strength of noncannulated screws was superior to that of cannulated screws of the same diameter. This may be due to the greater cross-sectional area for bone purchase in noncannulated screws and the self-drilling design in cannulated screws.
In a study comparing cannulated and noncannulated screws in both cortical and cancellous bone of canine femora, 17 the pullout strengths of both screws for large fragments did not differ significantly. The wide variation in pullout strength between 6.5-mm non-cannulated and 7.0-mm cannulated screws was due to the use of biological material and variation in bone density. In our study, the use of synthetic osteoporotic cancellous bone reduced the inter-specimen variability. 34, 35 The wider variation in compressive strength in cannulated screws may be due to the self-drilling design. The point at which maximum compression is achieved and stripping of the threads within the distal fragment occur is within half a turn of the screwdriver. 36 This end point may be more difficult to feel in screws that have a selfdrilling design. This reduces the tactile feedback of insertional torque to the surgeon. In clinical practice, tactile feedback for inserting cannulated screws is diminished. This may explain the trend toward a higher torque for non-cannulated screws and the greater standard deviation in the load to failure for both 6.5-mm and 7.3-mm cannulated screws in our study ( Table 2 ). Cannulated screws are easier to use; once the guidewire is deployed in the correct position, the screw will follow the same trajectory. In contrast, insertion of non-cannulated screws requires a greater degree of experience and attention in order not to repeatedly perforate the femoral head with the drill.
The quality of fracture reduction also affects the failure rate. [25] [26] [27] Anatomic reduction of a femoral neck fracture is 14 to 23% stiffer than insufficient reduction. 16 The main limitation of this study arises from the use of synthetic bones. The results of this study may not be applicable clinically, as the positioning of the screws was not optimally placed: the inferior screw was not abutting the calcar and the posterior screw was not abutting the posterior cortex of the femoral neck. In addition, other forms of physiological loading such as rotational stress and repetitive loads were not tested. Torsional forces are placed on the fracture during sitting and isometric muscle contraction, which may be more relevant in the elderly or nonambulatory patient. Further studies are needed to determine whether the difference in compressive load is applied across the physiological range of hip motion.
conclusion
The compressive strength of a synthetic bone fracture model fixed with non-cannulated screws was higher than that of cannulated screws of the same diameter.
AKNOWLEDGEMENTS
We thank Synthes (Paoli, PA) for providing the synthetic bone models and the screws and 
